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CHAIRMAN MILLIXAN: The discussion will
he opened by Dr. Ziemnowicz.

DR. ZIEMNOWICZ: [t was & pleasure o read
the paper of Dr. Markovich on technical fun-
damcatals and
raphy (REG). When I
of this method in 1689,
studies in this country on the physical,
perimental, and clinical aspeets of KEG. At
the Fifth International Conference on Med-
ical Electronics in July 1903 at Licge, Bel-
gium, a roundtable conference was organized.
As chairman of that meeting I expressed my
opinion on the current state of rheoencepha-
lography.

tarhnic af rh mn(‘(‘n‘la}OE-

ezen the evaluation
there had been no

cX-

The PrRESENT STATUS Oy STANDARD
np_ Reqionan
RiueoencErHALOCRAPHY (REG)

tn scarch of a method permitting continu-
ous, repetitive, and safe monitoring of cir-
culatory dynamics in the brain, the electric
impedance plethysmography, also called rhe-
ography, has been applied by the author. It
" is based on a long-known principle that differ-
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ent tizsues offer varying resistance to tle
pass2ze of an electric current. Conductivity
for tze alternating current was already used
40 years ago in surgery to difierentiate be-
tween normal and tumor tissue3 Inves:i-
gation on living organism disclosed better
conductivity when the amount of blood in-
creases in a given tissue volume as it occurs
during each arterial pulse wave. Improved
instrumentation for generating  elternating
current for amplification, as wrll as recording
and measurement, permits us to obtain and
compare tracings taken simultaneously from
two symmetrical areas of circulation. Record-
ings of arterial blood pulsation from the head
require moge advanced equipment and trained
personnel for correct application and interpre-
tation. Rheoencephalography, as compared
with the early stages of the development of
electroencephalography, has some similarities.
The EEG method requires an elalioration,
amplification, and recording of one modality
—the bicelectric activity of the brain. The
REG also requires amplification and registra-
tion technics for the output of a. c. current,
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hut in addition it has ancther source of
variability—namely, many different outputs
applied to the examined head by different
apparatuses, Various currents differing in
frequency, wave, length, intensity, and so

forth, are in use.

The result is ohvious: a lack of possibility

for comparison of tracings obtained ‘with”

equipment differing in generating and record-
ing specifications.  The electronic  industry
builda and eells a varicty of rheographs or
theoencephalographs.  Scientiets 2re discour.
aged by poor results obtained when using
unreliable equipment. A few European
papers and one American paper disavowed

this method for cerebral circulatory study.

There is obvicus need for standards which
would give industry proper specifications in
order to provide good instruments to the
lahoratory or hospital for reliable application
and interpretation. The efforts for REG
gtzndards chould be bzeed on well-controlled
basic physical and phyriological studies and
clinicel investigation. An international group
should present s draft for an agreement on
REG inctrumentetion, and it should present
bzsic rules for REG interpretation. Attempts
in this direction were initizted by the author.

Rbeoencephalography produces tracings
which parallel pulse waves in each cerebral
hemisphere. These recordings are taken from
a frontoretromasioid placerment of electrodes
on both sides of the ccalp. Hemispherical
REG is kere called “ctondard™ because it is
rew wilely applied and cosepted 89.10

A review of publihed cpto-date recults
Comonztrates 8 fregucat use of the REG
ractlod for clinical azplicstion without ade-
qpete calibration, without previous study on
madels or experimental meterizl.  Unfortu-
nztely, there have been zloo attempts to evalu-
zte data obtained when usisig inzdequate in-
cirumentstion end improper technic. This
=3y explain some papers on REG with incon-
clusive results or with the interpretation of
crenial rheog:.;hy &s a tracing essentially or
mosily extracranial in origin.3%23
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Our basic and exgerimental studies will be
published in the near future. They indicate
that the cerebrzl blood supply, not the extra-
cranial circulation, is decisive in standard
REG derivation. Pericranial and cranial cir-
culation plays a negligible role as compared
“ namely, cerehral blood

to the intracranial

“flow. This is confirmed by the Kety-Schmidt

quantitative studies with extracranial partic-
ipation in an averzge of 2.7 per cent of tote!
jugular vein flow 2101958 For the majority of
inveatigstam, the atandard tracing from both
hemizphieres apoears to suffice for cerebiral
circulatory studies. Very few tried to dis-
tinguish hetween the circulation in the carotid
arteries and in the vertebral-basilar system,
or between the arterial branches above the
circle of Willis. It is impossible to compare
the transversal frontal, temporal, or occipital
REG with one electrode on each side of the
examined area, because distances between
the electrodes vary, as do the amount of tissue
volume and the circuleting blood. Tae rela-
tionshin hetween the tracings can only be
vz uciy cusmmisec. It must be realized that a
Ceheit in one unilateral region may be con-
cecled by normel or compensatory increased
circulstion in the opposite side, since the
dizgonal placement sums the supply of both
sides. Consequently, it is very difficult, or
even impossible, to compare quantitatively
and interpret transverse REG.4.23.13

From standard hemispherical REG, it is
aleo dificult or impossible to diagnose a small
circtlatory deficit or to discover a reatricted
erea of impaired supply, hecause of the bulk
of tiezue with normsl or increased compen.
satory arierial flow. It would be of great
importance to localize more exactly the site
of circulatory impzirment and to follow in-
creasing deficit in blood supply, or to observe
the development of spontaneous or pharma-
cologically aided collateral circulation.

During 1961 and 1962, a technic of addi-
tional rheographic studies was developed by
the author.’®? The so-called regional REG
consists in bipolar and bilateral simultaneous
tracings from silver mesh clectrodes The
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following . derivations are used: bifrontal,
bitemporal, biparietal, and bioccipital. The
tracings reflect fluctustions in blood supply
in the regicns of anterior cerebral srterics,
middle cerebral arteries, end the vertebral-
basilar system. Standard REG gives a gen-
erzl orientation in the circulation of the left
arnd right internal carotid artery. Regional
REG permits us to evaluate the circulatory

cenditions sbove the circle of Willis, in the
‘ clowing sequence: frontal lobes (anterior
cerchrel artery), temporsl and parietal loben
{middie cerebral artery), and, finzlly, occip-
itz] lobes (vertchral-basilar arterial aystemn).
Our expericnes during experimental and clin-
icsl operations on the brain, znd results of
clinical cases corrclated with additional find-
ings, scem to indicete that the application of
standard snd regional REG may be of help
in more exact disgnosis and prognosis of
cerebrovascular diseases and/or conditions
which cause circulatory disturbances in the
brzin.

Tke technical setup of electrode placement
is chown in fgure 13. An accessory clectrode
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penel for 24 conncctions with master switch
sclector enablies vs to make 2 programming
with seven runs on six recording channels.

The normal REG is in many respects sim-
ilar to the extracranial internal carotid artery
or to any peripheral rheogram or plethysmo-
grem. However, the cranial rheogram has
lower amplitude of pulsations than peripheral
tracings, has steeper incliration, and a slightly
different form of elevation with two rounded
peaks. The above differences between cere-
bral and peripheral rheograms are due to the
rigid walls of the cranial cavity, the existence
pressure, coastant  outflow

and of incompreusible but

of intracraniel
of venous blood,
movzble cerebraspinal fluid.

REG trecings teken from the so-called nor-
mal individuals indicate that the completely
symmetrical REG in all derivations is infre-
quent. It is more frequent in the first decades
of life. This is in accordance with the ana-
tomical asymmetries in carotid, basilar, and
circle of Willis systerms aad in later-life asym-
metries, mainly due to ertericsclerotic
changes. In this recpect, the repested serial

ia.

are visible in standard bemispherical and in regional fronwl REG <
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Fig. 16, Regional occipital REG indicatea that beaides cardiac arthythmia, there is alsg s elight athero-

sclerntic fsctor in the verichral basilar rystem,

REG examinations are of great value. Cere-
bral circulation in normal individuals may
be disturbed by various factors.

A boy 14 years old, apparently healthy, was
examined, and in the course of the examina-
tion the amplitude diminished very markedly
and moreover became irreguler (figure 14).
Soon afterwards he began complaining of a
severe headache which rapidly increased in
intensity. When he began to weep, the exam-
ination was interrupted. It was then disea-
ered that he had had no breakfzst and his last
nieal was taken 15 hours ago. He was given
warm, heavily sugared tea and a sandwich,
Toward the end of the meal the headache
begen to disappear and the patient soon
returned to his normal self. REG was re-
sumed with the same placement of electrodes
and identical technical conditions. Respira-
tory pneumogzram showed normalization in
rhythm and pattern. ECG was also much less
arrhythmic, but the increase in REG ampli-
tude was much slower and the REG lost its
irregular pattern only gradually. The patient
fell spontaneously asleep, and then full nor-

malization of his REG occurred. We may
conclude that the disturbances in cerebral
circulation in the form of irregular and dim-
inishing arterial pulsations, with symptoms
of violent headache. were a result of alimen-
tary hypoglycemia. ;

An ssymptomatic but very obese volunteer
female, €5 years old, demonstrated in Novem-
ber 1963 very marked cardiac arrhythmia
with frustrated cardiac systole and some-
times with extrasystole—thene irregularities
instantaneously affecting the cerehral rheo-
gram (fipure 15). These occurred in stand-
ard hemispherical and in regional frontal
derivations, as well as in regional occipital
derivations (figure 16), with slight vascular
disturhances atheromstous in character in
the vertebral-basilar system. It should be
mentioned that this woman was submitted
7 weeks later to an urgent gall bladder opera-
tion and died 2 days later in the hospital of
a heart attack.

Standard or hemispherical REG does not
usually permit us to assess restricted and
more localized disturbances in single cerebral
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arteries. For more precise evalustion of leza
intenze or smaller cerebral circulatory inzuil-
ciency, regional REG may be of considerzble
value. Simultancous monitoring of cardiac
action with cerebral and oculer pulsations
permits us to diagnose circulatory disturb.
ances caussd by cardiac andfor vescular
factors.

Rheoencephalography may be applied as an
edditionz] diagnestic method in the following
conditiona:

1. Anztomiczl changes in vessels caused
by atherosclerosis, vascular occlusion with
thrombosis or embolism, and by zneurysm
or arteriovenous malformation.

2. Pathological disorders that are found
to be of cardiac or aortic origin.

3. The influences of hemicrania or cerebral
circulation.
4, Cerebrs] edema, as after contusion, and
late results of brain injury.
5. Compression of the brain wnd in vos
c:zlar supply by extradurzl, subdursl, or

| P T - ot s Ay
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imbwmanmabhenl
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tuzmor or by hygromas, an abccess, or accumu-
lation of air.

-

6. The influence of narcesis, curgics! pro-
cxdures, znd varions drugs (amy! nitrate,
histamine, papaverine, adrenalin, acetylo-
cheline, and others), and oxygen or carbon
leAu.g.

7. Thz influence of the sympathetic nervous
systems, carotid sinus, and of changes in poai-
tica electing circulation in the brain.

e, infleence of zure, of focal and

sonarelized epilegtic ceicures.

(4]
9. The conseqcv”cc of inflammatory and
deg s of the breia,

stimulzation (for
isucl} can have on circu-

secific
excmple, acoustic,
lation in the brain,

Rhecencephalogranhy chould have stand-
ards for instrumentztion, technics of applice-
tion, and interpretzstion. In future an inter-
national agreement on tie subject is recom-

mended.
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Jorentigl rhesen.

CHAIRMAN MILLIXAN: Yes, Dr. Wright.

pR. WRICHT: One question of Dr. Marko-
vich: While I think Dr. Ziemnowicz de-
veloped still further the question of electrodes
and the importance of standardization, T got
the impression that I did not see in Dr.
Markovich’s presentation any evidence in
favor of smaller electrodes, but only evidence
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in favor of the larger electrodes. Is it true
that there i3 no advantage in smaller, &5 com-
pared to larger electrodes, and if so, why toe
arbitary selection of 6 centimeters?

DR. MARKOVICH: There is no arbitrary sclec-
tion; this is a selection of size by trial. 1
think that the best we can say is that the size
of the electrode should be at least 21 times
larger than the thickness of the combined
sculp and zkull in the area of the recordizg.

CiAIRMAN MILLIKAN: Yen, Dr. Barnett,

pr. BARNETT: Dr. Markovich, [ would
first like to congratulate you on your excel-
lent examination of this problem in a scien-
tific fashion. I would like to ask you to
explain what you mean by a unipolar elec-
trode, and I would also appreciate it if you
would elsborate on your statement that the
position of the indifferent electrode was im-
material. If I understood you correctly, you
stated that the position of the indifferent elec-
trode did not infiuence the measurement.

DR. MARKOVICH: You are partly correct,
sir. We are mensuring the signal between
ecch ective eiectroce and this indifferent
electrode, not between the two active elec-
rodes. .

DR. BARNETT: You measured only a sig-
nal —.

DR. MARKOVICH: From here to the indif-
ferent.

DR, BARNETT: In other words, you measure
from here to here, and the impedance of each
of the two current sources to the indifferent
electrode iz not affected by where you posi-
tion the indifferent electrode on the scalp?

DR. MARKOVICH : That’s right.

DR. BARNETT: I would have assumed that
the impedance bLetween the active electrode
and any ground or reference point would be
related to the distance between the two points,
and that therefore the position of the indiffer-
ent electrode would be important.

DR. MARKOVICH: This comes from the error
of thinking that started in this Leautifui mono-
graph of 80 pages by Fritz Jenkner and which
tries 1o condense the experience of GIKX) or
more patients, The impedance changes that |




